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Abstract
Unrestricted, open access to scholarly scientific literature provides an opportunity for chemistry educators to go
beyond the textbook, introducing students to the real work of scientists. Despite the best efforts of textbook
authors to provide information about recent research results, textbooks are not a substitute for learning to use the
primary literature. Chemical educators can use open access articles to develop research-related skills, to foster
curiosity, and to cultivate the next generation of scientists. It is becoming increasingly important for chemical
educators to teach undergraduates how online journals are changing the nature of chemical research. Some
institutions can not afford online subscription costs, and open access journals can be an important resource to
provide practical experience. Open access publications eliminate the barriers to the central work of scientists
providing chemistry educators (whether at well-endowed or economically limited colleges) with the key resources
for enhancing student learning through current, relevant research.
Introduction
The nature of the chemical literature is changing more
rapidly now than probably at any previous time in his-
tory. Online publication facilitates many other changes
that are more profound than simply finding chemical
information on the World Wide Web (WWW). Time-
saving features, such as rapid online search, hyperlinks
to related material (including supplementary data files),
embedded videos, and RSS (Really Simple Syndication)
feeds are already becoming common, but even more
dramatic changes may soon become a reality. Elsevier’s
Article of the Future Project is already using the latest
visualization techniques and integrated multimedia, as
well as allowing readers the ability to access an article at
different points, moving through the article focusing on
only the sections of interest [1].
The development of open access scientific journals is a
major change in scholarly communication that has been
triggered by online publications. Willinsky has suggested
ten different definitions for open access [2]. This article
will focus on open access to mean free, online access to
articles or journals as soon as they are published. Open
access publishing has become a touchstone for change
in scientific scholarly communications sparking debate
over impact factors, peer-review, public access, cost, and
copyright. However, largely missing from the discussion
is the more immediate impact of these changes on che-
mical education. Open access scholarly literature pro-
vides an opportunity for all educators to teach their
students how to read and use peer-reviewed papers
while enriching the chemistry curriculum with current,
relevant research.
A 2005 report entitled, “Are Chemical Journals Too
Expensive and Inaccessible?” notes that, “Small univer-
sities and undergraduate institutions may have pro-
blems accessing some journals, whereas larger
universities with bigger budgets appear to have enough
access [3].” Recent economic problems may well have
exacerbated this problem for many colleges [4]. This
suggests that some institutions may lack the access
that their students need to learn how to use the mod-
ern chemical literature. Despite the best efforts of text-
book authors to provide information about recent
research results, textbooks are not a substitute for
learning to use the primary literature. Fister points out
that the current economic problems have left some
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Open Access Publications
Open access journals provide free, online access to
research articles for any user. The open access move-
ment became widely recognized after the Budapest
Open Access Initiative of 2001 [6]. This initiative, spon-
sored by the Open Access Society, was an international
effort to make research from all disciplines freely avail-
able on the Internet, and this position has since devel-
oped considerable support. The essential characteristic
of open access journals is that they are not paid for by
subscribers and that the journals are usually funded by a
combination of grant support or payments by authors.
The current impetus spurring open access publishing
comes from the funding agencies themselves, as increas-
ingly both governments and private institutions have
mandated open access requirements for funded
research. In the United States, the U.S. Congress passed
the National Institutes of Health (NIH) Public Access
Policy of 2008 which required that federally funded
research be made available at no cost to the taxpayer
through PubMed Central, reaching the public domain
within twelve months after publication [7]. Private foun-
dations in the US and abroad have been at the forefront
ensuring public access to their funded research includ-
ing the Howard Hughes Medical Institute (HHMI) in
t h eU S ,t h eW e l l c o m eT r u s ti nt h eU K ,a n dt h eM a x
Planck Institute in Germany. Other open access pro-
nouncements include the Berlin Declaration with affili-
ates from 55 countries [8], and the Brisbane Declaration
from Australia representing numerous constituencies
and countries [9].
Open Access in Chemistry Research
Although the primary chemistry literature is not nearly
as ‘open’ as biology or medicine, there are open access
peer-reviewed publications of significance to chemical
educators. According to the Directory of Open Access
Journals, there are more than 6270 open access publica-
tions available online as of this date, of which over 200
titles are related to chemistry or chemical engineering
[10]. Todd has discussed the status of open access and
open source in Chemistry as of 2007 but did not men-
tion the possible impact on chemical education [11].
The largest free digital archive of the biomedical and
life sciences scholarly literature is PubMed Central
which is operated by the U.S. National Library of Medi-
cine under the direction of the NIH [12]. PubMed Cen-
tral has more than 2 million peer-reviewed articles. This
repository will continue to grow as a result of the NIH
mandate that publically funded research must be made
freely available to the public.
BioMed Central, a London-based open access pub-
lisher has over 200 full-text journals that include: che-
mical biology, biotechnology, biochemistry, genetics,
pharmacology, and molecular biology [13]. Titles of par-
ticular importance to chemistry educators include the
Chemistry Central Journal [14], the Journal of Chemin-
formatics [15] and the Journal of Systems Chemistry
[16], all peer-reviewed, open access publications. The
Public Library of Science (PLoS), a non-profit organiza-
tion of scientists committed to “making the world’s
scientific research a public resource,” [17], publishes
seven online scholarly journals that are freely available
including: PLoS Biology, PLoS Medicine, and PLoS ONE.
The Royal Society of Chemistry (RSC) was one of the
first chemical society publishers to offer free or low cost
archival journal access to developing countries [18]. The
RSC also publishes an open access journal in chemical
education, Chemistry Education Research and Practice
[19]. In 2006, The American Chemical Society began to
offer authors the option of paying to have free online
access to their articles on the society’s website and also
to place their sponsored articles on personal websites
and institutional repositories [20]. The Beilstein-Institut
publishes open-access journals, such as the Beilstein
Journal of Organic Chemistry and Beilstein Journal of
Nanotechnology [21].
Educators also have the option of searching Google
Scholar, the free search tool for mining the scholarly
Web [22]. Google Scholar searches articles, theses, and
books from academic publishers, universities and profes-
sional societies with links to open access articles as well
as those that are pay-per-view.
Several major U.S. universities, including Massachu-
setts Institute of Technology, Cornell University, Har-
vard University, Columbia University, and the University
of California at Berkeley, are supporting the Compact
for Open Access Publishing Equity, or COPE, which
provides funds to subsidize the publication fees charged
by some open-access journals. Despite this support, few
faculty researchers seem willing to participate in this
program [23]. As noted in the previous paragraph, there
are a number of well-know journals that will accept
open access papers, so it seems unlikely that this resis-
tance arises from a desire to publish in more prestigious
journals. Apparently, many faculty are either unaware of
the possibilities inherent in open access or else are too
busy to do the necessary paperwork to receive the sup-
port. If colleges talked more freely about open access
publications, it might well make more colleagues aware
that this was a viable option.
Using Primary Literature in the Classroom
Various science educators have demonstrated the benefits
of integrating primary literature into the undergraduate
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NSF and the Howard Hughes Medical Institute,
increasingly offer support for educators developing
science curricula that incorporates research-like experi-
ences into undergraduate teaching [24]. In a recent
article in the J o u r n a lo fC h e m i c a lE d u c a t i o n ,J e n s e n
et al reference a number of articles that describe ways
to introduce undergraduate chemistry students to the
primary literature [25]. Jensen et al argue that a course
in the chemical literature is not enough. Undergraduate
students should be taught how to evaluate, interpret,
and incorporate chemical literature when communicat-
ing as a component of individual upper-level chemistry
courses. The authors of this paper agree with Jensen et
al but also feel that peer-reviewed papers from open
access publications can expand the potential for enrich-
ing scientific education.
A number of innovative higher-level learning meth-
odologies have been developed to expose science under-
graduates to the primary literature. Pence and Pence
have described the use of Real Simple Syndication (RSS)
[26] and social tagging for teaching chemistry [27], and
although the available open access resources may be
less extensive than those used in these projects, it is
likely that these methods could be adapted to the open
access literature. These programs can be adapted by
chemistry educators for integrating open access
scholarly articles into the chemistry curriculum at the
college and even the secondary level. The adaptation of
primary literature through active learning modules
provides students with:
￿ a proficiency in both reading and evaluating
research literature
￿ an ability to develop scientific reasoning and criti-
cal thinking skills
￿ an ability to participate in both the scientific pro-
cess and discourse
Another model developed in order to guide under-
graduates in their analyses of primary journal articles
offered a step by step methodology: Consider, Read,
Elucidate hypotheses, Analyze and interpret the data,
and Think of the next Experiment (CREATE). In the
CREATE model the articles were selected based on the
research conducted in a single laboratory over a period
of years, allowing an “in-depth study of a single line of
scientific research [28].” Students were asked to track
the evolution of scientific ideas generated through the
research papers. An assessment of CREATE found that
students improved their “ability to read and critically
analyze scientific data, as well as their understanding
of, and interest in, research and researchers [28].” An
additional outcome found that the “CREATE approach
demystified the process of reading a scientific
article [28].”
Open Access and Chemistry Education
As noted previously, there are a number of instructional
models for teaching using the primary literature, and
there is general agreement that this topic is important
in the undergraduate curriculum. It has also been noted
that many small colleges and most high schools find it
to be increasingly difficult to afford to subscribe to con-
ventional online chemistry journals. The obvious solu-
tion is to use open access chemistry journals, since they
are free and widely available for anyone with access to
the World Wide Web.
Malcolm Campbell, an advocate for taking advantage
of open access publications in education, reminded edu-
cators that “research begins in the literature, not in the
laboratory,” and that “the benefit of open-access litera-
ture is both obvious and immediate [29].” Chemistry
educators have an opportunity to use open access litera-
ture to enhance the undergraduate curriculum by incor-
porating critical evaluations of research methodologies
and results. Students working with real problems from
current literature can be encouraged to ask new ques-
tions and to design their own experiments.
The organization Chemists Without Borders has
asserted that “open access is necessary to the develop-
ment of equitable access to chemistry education and
research opportunities in both the developed and devel-
oping worlds [30].” Free, unrestricted access to chemis-
try research provides an opportunity for all students to
explore and assess the research regardless of their insti-
tutional resources. Although textbooks provide the
foundation, it is the primary research where chemistry
“comes alive with many unanswered and controversial
issues, which are keys to stimulating students’ curiosity
and motivating them to learn [31].”
Open access publications provide ease of use for edu-
cators themselves by allowing unlimited access to pub-
lished works without copyright concerns, subscription
fees or limited downloads. Open access research articles
provide an opportunity for chemistry educators to stay
current in their field and to incorporate cutting-edge
research into their curriculum.
Conclusion
Open access peer-reviewed journals provide the means
for chemistry educators, regardless of institutional
resources, to introduce undergraduate students to the
primary literature and to promote higher level cognitive
skills by integrating primary scientific literature into the
curriculum. As a result of exposing students to the
research articles that are available free of charge, educa-
tors can bring chemistry to life, by exploring relevant
Pence and Losoff Chemistry Central Journal 2011, 5:18
http://journal.chemistrycentral.com/content/5/1/18
Page 3 of 4papers that spark curiosity. The integration of open
access articles into undergraduate curriculum hold the
promise of a deeper understanding of both chemistry
and science.
The authors agree with Thomas Cech, Nobel Laureate
in Chemistry, who argued that the future of the world is
at stake regarding the dual need for both scientists and
a scientifically educated citizenry [32]. Open access pub-
lications eliminate the barriers to the central work of
scientists providing chemistry educators (whether at rich
or economically limited colleges) with the key resources
for enhancing student learning through current, relevant
research. Integrating open access publications into the
curriculum, offers students “equal access to a growing
portion of the literature that Nobel laureates and inves-
tigators at wealthy institutions enjoy [29].” Open access
scholarly articles provide chemistry educators with free,
‘reliable resources’ for supplementing the textbook in
order to improve student research skills, kindle their
interest in chemistry, and concomitantly educate both
future scientist and citizen.
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